Specifications tableSubject areaEnvironmental EngineeringMore specific subject areaEnvironmental; Chemical; Coal fire, Safety engineeringType of dataTable, graph, figureHow data was acquiredThe data was acquired by the temperature programmed test method in the laboratory and in the field of a coal mine.\
The gas data of spontaneous combustion of coal were determined by using gas chromatography (SP-2120, made in China).Data formatAnalyzed.Experimental factorsOne anthracite, one lignite, and two long flame coal were selected. Each coal sample was crushed and screened out to 200 g of coal samples with the particle size of 0--0.9 mm, 0.9--3 mm, 3--5 mm, 5--7 mm and 7--10 mm. The samples were mixed into 1000g samples, numbered 1--4, sealed and preserved.Experimental featuresThe samples were supplied with 120 ml/min air flow and ventilated at a constant temperature for 30 minutes. The sample temperature was raised at a rate of 0.3 °C/min and a sample of the resulting gases was collected at each 10 °C interval for analysis by chromatography.Data source locationXi\'an University of Science and Technology, Xi\'an, China.Data accessibility\
Related research articleThe data are available with this article.\
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A method for evaluating the spontaneous combustion of coal by monitoring various gases\
Process Safety and Environmental Protection <https://doi.org/10.1016/j.psep.2019.04.014>**Value of the data**•Experimental data from three typical coal (lignite, long flame coal, and anthracite) tested with temperature-programmed experiment method, which is potentially valuable to further study of coal spontaneous combustion.•Experimental data of spontaneous combustion from three ranks coal can not only be used to further study the spontaneous combustion characteristics of different coal grades but also to study the differences among them.•The data from the laboratory and the field of coal mine can provide a lot of high-value data for other scholars to study how to correlate analysis above two types of data, in order to make the test data better used in field engineering practice.•The data, which used in a new comprehensive evaluating method in this paper, could be potentially valuable to accurately determinate the spontaneous combustion of coal.

1. Data {#sec1}
=======

The data shared in this paper include the gas data of coal samples acquired by the temperature programmed test, the field data from a coal mine with the spontaneous combustion of the coal seam, and processed data of the above data. The gas data (O~2~, N~2~, CO, CO~2~, CH~4~, C~2~H~6~, C~2~H~4~) of anthracite, lignite and two long-flame coal obtained through experimental tests, as shown in [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}. The field observation data is shown in [Table 5](#tbl5){ref-type="table"}, come from a goaf of coal seam where spontaneous combustion occurred. This coal seam belongs to a coal mine in Shaanxi province. What\'s more, the three index parameter data (CO/CO~2~, Graham value, chain alkane ratio) calculated from the index gas, as shown in [Table 6](#tbl6){ref-type="table"} and [Table 7](#tbl7){ref-type="table"}.Table 1Experimental data in lignite heating process.Table 1Temperature/^o^cO~2~/%N~2~/%CO/ppmCO~2~/ppmCH~4~/ppmC~2~H~6~/ppmC~2~H~4~/ppm3020.4279.3614.83988.676.080.88--4020.3078.9134.931397.209.111.14--5019.9578.73101.203264.5211.111.24--6018.5479.24257.1011178.2611.811.46--7016.7880.31454.4018176.004.901.66--8014.3582.20814.0026258.076.441.703.229014.1182.821024.0027675.689.521.794.2910013.4183.311042.0027421.059.581.825.4211013.8982.831183.0030333.339.611.965.6212010.8684.471725.0039204.5513.572.547.451304.9288.832875.0055288.4622.493.0213.901401.9389.204746.0069794.1240.884.4617.921501.2788.387227.0083068.9769.885.4820.621601.1688.299431.0091563.1184.086.4323.301701.1387.9111850.0096341.46100.707.0123.61Table 2Experimental data in anthracite heating process.Table 2Temperature/^o^cO~2~/%N~2~/%CO/ppmCO~2~/ppmCH~4~/ppmC~2~H~6~/ppmC~2~H~4~/ppm3020.6478.616.642088.684.322.57--4020.7978.407.911869.507.963.19--5020.8378.158.891760.008.343.57--6020.5378.2221.902585.6011.854.76--7020.1078.3850.804673.4113.245.26--8019.4479.2294.906856.9415.576.44--9018.8279.51159.909095.5619.349.44--10018.7479.47216.407781.3724.7810.26--11018.8180.52310.005145.2327.8114.567.9312018.7680.51427.403810.9734.1618.729.7813018.3780.61628.103392.2043.6422.0311.8714017.6680.35955.504562.1756.5928.8914.8315015.3782.291783.008319.7275.7433.9017.5316014.2783.502477.0010250.7983.1536.1322.3317011.6486.383732.0012462.0295.2648.9330.13Table 3Experimental data in long flame coal (1\#) heating process.Table 3Temperature/^o^cO~2~/%N~2~/%CO/ppmCO~2~/ppmCH~4~/ppmC~2~H~6~/ppmC~2~H~4~/ppm3020.8578.666.50664.1510.714.03--4020.7778.1714.62731.0010.866.08--5020.6578.4038.12953.0010.8913.65--6020.6178.2758.511244.8912.2116.68--7020.0778.31156.202947.1713.3718.00--8019.7179.27294.003500.0014.5820.86--9018.4280.39526.003867.6514.6923.35--10017.4081.85817.505413.9115.9823.87--11016.7481.241174.005870.0016.1724.811.0312016.4782.101870.009303.4817.1024.911.3513017.6080.642106.009360.0018.2229.393.8314016.1880.723433.0013203.8534.5831.239.2415011.4384.119226.0025310.6983.1433.6513.3816010.3985.0711450.0024361.70123.1534.8116.331709.6985.5113950.0027493.64155.8036.2224.25Table 4Experimental data in long flame coal (2\#) heating process.Table 4Temperature/^o^cO~2~/%N~2~/%CO/ppmCO~2~/ppmCH~4~/ppmC~2~H~6~/ppmC~2~H~4~/ppm3020.7878.733.25160.292.371.03--4020.3079.0711.86965.802.391.35--5020.6478.4517.18580.602.472.31--6020.0978.7654.321522.422.582.69--7020.2179.2183.071560.592.633.66--8019.6579.33187.203657.682.724.06--9018.3080.02370.206576.663.054.10--10017.4680.29491.907264.813.424.241.5511016.4182.70809.806739.914.574.633.0912012.4785.081819.0012781.968.516.474.9113010.5785.752859.0017485.1713.3810.459.251407.3988.194647.0025214.3225.8015.5914.301507.2488.136432.0031400.1242.9921.5924.081605.1488.589150.0041719.8686.0023.9432.881704.5689.1511350.0047944.92121.5025.6436.77Table 5The field observation data.Table 5Time/dO~2~/%N~2~/%CO/ppmCO~2~/%CH~4~/%C~2~H~6~/%114.3774.330.000.228.023.01214.2671.200.000.249.704.02314.3771.650.000.168.634.94411.9873.780.000.388.203.82511.5976.210.010.336.874.36612.6878.010.010.314.843.57713.8777.410.010.294.353.60812.9376.970.010.374.954.03914.3074.400.010.245.685.271014.5274.650.010.225.445.141114.7377.800.010.192.823.561214.2575.700.010.223.984.821314.5676.020.010.204.075.041414.3277.380.010.244.273.641513.4477.100.010.254.614.421615.1376.090.010.194.144.121713.3577.940.010.224.023.851814.0177.110.010.244.244.291912.6178.170.010.254.243.662011.6778.010.010.264.495.272111.5080.100.010.324.143.702212.7576.730.010.254.575.382312.0576.490.010.245.185.782412.9276.060.010.235.135.572513.2477.380.010.243.884.562613.6177.600.010.233.384.802712.5178.220.010.293.854.842810.3379.610.010.374.084.512911.7580.570.010.353.593.493012.5678.730.010.273.954.323112.6479.380.010.273.863.663212.7878.180.010.233.754.903310.4680.050.010.354.192.913411.1781.600.010.273.583.203511.0381.890.010.453.582.53Table 6Calculations results of gas index data for different coal samples.Table 6Temperature/^o^cLigniteAnthraciteLong flame coal (1\#)Long flame coal (2\#)CO/CO~2~GrahamAlkane ratioCO/CO~2~GrahamAlkane ratioCO/CO~2~GrahamAlkane ratioCO/CO~2~GrahamAlkane ratio300.0150.2550.0970.0030.1860.4240.0100.4330.2490.0200.1500.429400.0250.4990.1170.0040.3710.4140.0200.6360.5600.0120.1680.545500.0310.9660.1600.0050.5210.3970.0401.0890.9290.0300.4810.898600.0231.0470.1460.0080.4660.4450.0471.5001.1440.0360.5981.020700.0251.0770.1260.0110.5650.5330.0531.6801.4630.0531.0521.347800.0311.2230.1820.0140.6090.4630.0842.2791.9160.0511.3871.331900.0371.4860.1940.0180.7330.4230.1362.0392.1800.0561.3701.2011000.0381.3730.1860.0280.9600.5170.1512.2711.9550.0681.3890.9281100.0391.6640.1470.0601.4130.4570.2002.7561.5530.1201.7660.5441200.0441.7010.1440.1121.9060.4410.2014.1291.4570.1422.1320.4841300.0521.7880.1130.1852.3900.4700.2256.1941.6130.1642.7400.4051400.0682.4890.0740.2092.8590.5200.2607.1221.2710.1843.4140.3631500.0873.6630.0640.2143.1690.5640.3659.6450.4050.2054.6750.2511600.1034.7540.0650.2423.6810.7490.47010.7920.2830.2195.7700.1971700.1235.9650.0640.2993.9860.9140.50712.3300.2320.2376.9020.175Table 7Calculation results of gas index data for field monitoring.Table 7Time/dCO/CO~2~10 × GrahamAlkane ratioTime/dCO/CO~2~10 × GrahamAlkane ratio10.0140.4670.375190.0401.2160.86320.0150.5190.415200.0421.1681.17330.0240.5730.572210.0361.2000.89540.0120.5210.466220.0451.3941.17750.0160.5740.634230.0481.3181.11560.0190.7090.738240.0531.4851.08570.0230.9390.827250.0481.5071.17780.0200.9290.814260.0511.6111.42290.0351.2250.927270.0421.4251.256100.0411.3890.944280.0331.1531.103110.0531.5621.265290.0341.2650.972120.0541.7341.213300.0431.3631.094130.0561.7381.238310.0441.3990.949140.0421.4970.854320.0471.3381.307150.0411.3480.958330.0321.0630.694160.0511.6360.994340.0431.2010.896170.0391.1370.958350.0261.1830.706180.0391.3301.011--------

2. Experimental design, materials and methods {#sec2}
=============================================

2.1. Experimental design {#sec2.1}
------------------------

### 2.1.1. Sample preparation {#sec2.1.1}

Select lignite, long flame coal, and anthracite, collect fresh exposed coal blocks in working face, crush them in air, sift out 200 g coal samples with particle size of 0--0.9 mm. 0.9--3 mm, 3--5 mm, 5--7 mm and 7--10 mm, mix them into 1000g samples, numbered 1--4\#, and prepare for sealed storage test. The sample preparation process is shown in [Fig. 1](#fig1){ref-type="fig"}.Fig. 1A flow chart summarizing coal sample processing process.Fig. 1

### 2.1.2. Experimental test method {#sec2.1.2}

A temperature programmed test system for spontaneous combustion of coal in air bath is used in the experiment [@bib2], [@bib3], [@bib4]. The structure of the system is shown in [Fig. 2](#fig2){ref-type="fig"}. Using this experimental device, coal samples are loaded into a cylindrical special steel coal sample tank with a diameter of 10 cm at the bottom and a height of 25 cm. As shown in [Fig. 2](#fig2){ref-type="fig"}, the experiment begins after sealing. Using an air pump or gas cylinder as a gas source, the air is supplied to a coal sample tank with 120 ml/min air flow. Air flows through a glass rotor flowmeter and gas conveying copper pipe, preheated by the heating box, and then passes through the bottom of the coal sample tank to the coal sample. After 30 minutes of venting air, the gas samples were collected at the rate of 0.3 °C/min and then analyzed by the SP-2120 gas chromatograph. The component data of gas products at different temperature points were obtained.Fig. 2The temperature programmed experimental apparatus.Fig. 2

2.2. Data analysis {#sec2.2}
------------------

When the experimental data and field data are obtained, the biggest influence factor is the difference in air volume [@bib5], [@bib6], so there are significant differences in the data results. In the analysis of the results, it is necessary to eliminate the dilution effect of air flow on the gas as far as possible. The gas index can satisfy this condition very well [@bib7]. In addition, the mechanism of producing index gas in the coal oxidation process is different, CO and a lot of CO~2~ are produced. It is produced by the oxidation reaction between coal and oxygen. Some coal seams contain a part of CO~2~, CH~4~ and C~2~H~6~ gas, which will be resolved at low temperatures. There is generally no C~2~H~4~ in coal seams. C~2~H~4~ gas is produced mainly by cracking, so different gas means the reaction function represented by the standard is also different [@bib8], [@bib9], [@bib10]. CO/CO~2~ can better reflect the intensity of oxidation, Graham value ($\text{G} = \Delta\text{CO}/\Delta\text{O}_{2}$) can reflect the relationship between oxygen consumption and CO formation, and alkane ratio can reflect the intensity of coal pyrolysis [@bib11]. By calculating the experimental and field data, the gas index data are obtained as shown in [Table 6](#tbl6){ref-type="table"}, [Table 7](#tbl7){ref-type="table"}.

2.3. Inversion method of coal temperature {#sec2.3}
-----------------------------------------

By calculating the results of experimental data and field data, the results can be well corresponded. The natural ignition trend of the coal seam is qualitatively analyzed by selecting standard gas through experiments, and the degree of spontaneous combustion of the coal seam is quantitatively analyzed by gas index. The development law of spontaneous combustion of the coal seam in mine is predicted by combining the two kind of indexes [@bib1]. The forecasting idea is shown in [Fig. 3](#fig3){ref-type="fig"}.Fig. 3A flow chart summarizing the method of determining coal temperature.Fig. 3

As shown in [Fig. 3](#fig3){ref-type="fig"}, firstly using a single indicator to qualitatively determine the potential for spontaneous combustion. The CO volume fraction is employed to determine the likelihood of spontaneous combustion. Due to C~2~H~4~ appeared above approximately 110 °C, so its volume fraction is also assessed to qualitatively evaluate the probability of spontaneous combustion. Secondly, using the gas ratio to determine the probability of spontaneous combustion. The CO/CO~2~ ratio, Graham coefficient, and alkyl chain ratio are all determined via on-site measurements. Based on correlations derived from experimental testing, the above ratios are used to find the coal temperature. A comprehensive analysis of single gases such as CO and C~2~H~4~ as well as gas ratios is employed to calculate the coal temperature. The average values of the on-site indicators are calculated so as to obtain the average coal temperature at the site. The prediction accuracy and confidence intervals are set to the desired values. The degree of confidence for each temperature value obtained from the above process is calculated. An application of these data and this early warning for spontaneous combustion of coal can be found in Ref. [@bib1].
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